The structures of cyanogen and diacetylene have been previously investigated by the electron-diffraction method by Wierl,I who reported nonlinear models with 1500 bond angles for both molecules. The improbability of this conclusion, which is incompatible with all other evidence for the angle between a triple and a single bond on the same carbon atom, led to a reinvestigation of these compounds by the electron-diffraction method.
The structures of cyanogen and diacetylene have been previously investigated by the electron-diffraction method by Wierl,I who reported nonlinear models with 1500 bond angles for both molecules. The improbability of this conclusion, which is incompatible with all other evidence for the angle between a triple and a single bond on the same carbon atom, led to a reinvestigation of these compounds by the electron-diffraction method.
The models for which theoretical intensity curves were calculated were chosen from a consideration of the electronic structures corresponding to low energy values for the molecule. Those for cyanogen may be represented as follows:
: The probable atomic configurations may be chosen on the basis of Pauling's2 discussion of resonance between Lewis electronic structures. The contribution of I to the resonating structure is as important as that of any single structure above because of the two strong bonds which it contains; therefore, the only necessary consideration is the effect of combining the others with I. II, III and IV would tend to decrease the carbon-carbon distance toward that of a double bond. Theoretical iiitensity curves for cyanogen. VOL. 19, 1933 869 a broad "shelf" slowly falling off toward the outside edge. This is followed further out by a maximum which is sharply defined on both sides. This qualitative appearance eliminates the single-bond model I since the result of the investigation of sulphur hexafluoride3 indicates that such a double maximum is duplicated in the appearance of the photograph. The reproductions of the photographs obtained by Wierl show the same characteristics and lead to the elimination of the same model. His unwillingness, however, to alter the two bond distances from the chosen values, 1.52 and 1.20, led him to relinquish the linearity of the molecule and to assume an angle of 1500 between the carbon-carbon and carbonnitrogen bonds, and he claimed thereby to find satisfactory agreement with the photographs.
Three objections must be brought against the conclusion of Wierl. The first is that in no other case has a compound containing a triplebonded carbon atom been measured by any method and found to have the single bond not in a straight line with the triple bond. The second is that in view of the resonance possibilities suggested by Pauling and for which additional evidence is furnished by the results of this investigation there is no need to consider non-linear models. The third objection is to be found in the appearance of the fifth curve in the illustration. In this the second maximum is only a little less prominent than in the first curve. The fifth curve was calculated from the 1500 model but using the bond distances 1.54 and 1.16 taken from the table of covalent radii.2 The discrepancy with Wierl's curve is probably due to his use of somewhat different bond distances which appear to correspond to the case of diacetylene. His use of the same curves for cyanogen and diacetylene is open to the objection that it neglects the difference between the carbon-nitrogen and carboncarbon triple-bond distances in the two compounds. This leads to different values for the central carbon-carbon bond distances in the two compounds, a result which is highly improbable because of the identical electronic arrangement. Wierl's support of the model with the 1500 angle is, therefore, the result of incorrect interpretation of the photographs.
The quantitative comparison of the photographs is shown in the following table: In table 1 for cyanogen the first minimum shows the usual deviation. The first maximum is of the type which shows the St. John effect and hence the corresponding a-value is larger than the correct one. The sharp second maximum affords a correct estimation of the value of a. The "1.38" model is not satisfactory, but the other two can scarcely be distinguished. These results show that the single-bond models are somewhat more important than the double-bond models in the resonating structure which represents the structure of cyanogen.
The theoretical discussion for diacetylene is exactly the same as for cyanogen. The models calculated again vary from 1.54 to 1.38 for the central bond distance while the triple-bond distance is 1.22 and the carbon-hydrogen bond is 1.06 throughout. It will be noticed in figure 2 that, the subsidiary maximum in the angled model is relatively less important than in the case of cyanogen.
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